Abstract. The aim of the present study was to compare the accuracy of 64-multi-slice spiral computed tomography (64-MSCT) and 320-MSCT in the display of coronary artery stents and diagnosis of in-stent restenosis. The data collected from the 64-and 320-MSCT coronary angiography of 93 patients following coronary artery stent implantation were retrospectively analyzed. The 64-MSCT group comprised 30 cases with 57 stents and the 320-MSCT group comprised 63 cases with 93 stents. The image quality, heart rate of the patients and the radiation effective dose (ED) they were subjected to, were compared. Furthermore, the diagnostic abilities of 64-and 320-MSCT coronary angiography for in-stent restenosis were evaluated using invasive coronary angiography results as the gold standards. Statistically significant differences were observed in the heart rate and ED of the patients from the two groups (P<0.05), but no significant difference was identified in the accuracy index (P>0.05). The sensitivity, specificity, positive and negative predictive value and accuracy of the 64-MSCT group were found to be 100% (7/7), 93.94% (31/33), 77.78% (7/9), 100% (31/31) and 95% (38/40), respectively, and those in the 320-MSCT group were found to be 100% (16/16), 95.89% (70/73), 84.21% (16/19), 100% (70/70) and 96.63% (86/89), respectively. The present findings suggest that both 64-MSCT and 320-MSCT can be used for follow-up and curative effect evaluation following coronary stent implantation; however, 320-MSCT has fewer requirements of the patients' heart rate and uses a lower radiation dose.
Introduction
The rise in the prevalence of coronary arterial obstructive disease and the increase in indicators of percutaneous coronary arterial stent implantation, have made the accurate detection of coronary arterial in-stent restenosis (ISR) using non-invasive techniques a focal point of research, and a positive conclusion has been drawn that multi-slice spiral computed tomography (MSCT) can be used to follow up the occurrence of coronary arterial ISR (1) (2) (3) (4) (5) (6) (7) . From 2003 onwards, 64-MSCT has been used to detect coronary arterial ISR in assessable stents, and a relatively high specificity (88-100%) and negative predictive value (NPV; 90-100%) have been obtained (6, (8) (9) (10) (11) (12) (13) (14) , due to its higher spatial and temporal resolution, compared with previous generations of MSCT. More recently, 320-MSCT systems able to achieve up to 16-cm volumetric coverage in a single gantry rotation have become available (15) . These systems simultaneously acquire 320 slices per rotation, and use a volumetric computed tomography (CT) data acquisition approach, thereby reducing contrast load, time of breath-hold and radiation (15) . The high diagnostic performance of 320-slice CT coronary angiography (CTCA) in the assessment of coronary artery disease has been previously reported (16) (17) (18) ; however, the comparative analysis of the effectiveness of 64-and 320-MSCT in the detection of coronary artery stents and diagnosis of in-stent restenosis is lacking.
In the present study, data collected from the 64-and 320-MSCT coronary angiography of 93 patients following coronary artery stent implantation at the First Affiliated Hospital of Xinxiang Medical University (Weihui, China) between December 2008 and June 2013 were analyzed. The patients included 30 cases with 51 stents that were subjected to 64-MSCT, and 63 cases with 99 stents that were subjected to 320-MSCT. The aim of the study was to compare the diagnostic value of 64-and 320-MSCT in the display of coronary artery stents and the diagnosis of in-stent restenosis. CTCA data acquisition. In the 64-MSCT group, CTCA investigations were performed using 64-MSCT (Aquilion; Toshiba Medical Systems, Otawara, Japan) with 64 detector rows, each 0.5-mm wide, and a gantry rotation time of 0.40 sec. If the heart rate of the patient exceeded 65 beats/min, oral β-blocking medication (25-75 mg propranolol hydrochloride tablets) was administered 1 h before examination, unless contraindicated. A triphasic protocol was used for the intravenous administration of the contrast medium. The total volume of the nonionic contrast agent (Ultravist ® 370 injection; Bayer Schering Pharma AG, Leverkusen, Germany) injected into the median cubital vein was 60-85 ml (volume based on body weight: ≤50 kg, 60 ml; 50-60 kg, 70 ml; 60-70 kg, 80 ml; and > 70 kg, 85 ml) at a flow rate of 5.0-5.5 ml/sec, followed by 40 ml normal saline (NS). Following the 6-sec injection of the contrast agent, an automated peak enhancement detection technique was used to record the arrival of the contrast agent in the ascending aorta, in order to synchronize the arrival of the contrast media and the CT data acquisition, using a threshold of +180 Hounsfield units. CTCA images were acquired during an inspiratory breath-hold of ~8 sec covering an entire R-R interval of the retrospective electrocardiogram (ECG)-gating.
Materials and methods

Ethical
In the 320-MSCT group, CTCA investigations were performed using 320-MSCT (Aquilion ONE; Toshiba Medical Systems) with 320 detector rows, each 0.5-mm wide, and a gantry rotation time of 0.35 sec. If the heart rate of the patient exceeded 70 beats/min, oral β-blocking medication (25-75 mg propranolol hydrochloride tablets) was administered 1 h before examination, unless contraindicated. A triphasic protocol was used for the intravenous administration of the contrast medium. The total volume of the nonionic contrast agent (Ultravist ® 370 injection; Bayer Schering Pharma AG) injected into the median cubital vein was 50-70 ml (volume based on BMI: ≤20, 50 ml; 20-25, 50-60 ml; 25-30, 60-70 ml; and >30, 70 ml) at a flow rate of 5.0-5.5 ml/sec, followed by 40 ml NS. Following the 6-sec injection of the contrast agent, an automated peak enhancement detection technique was used to determine the arrival of the contrast agent in the thoracic aorta, in order to synchronize the arrival of the contrast media and the CT data acquisition, using a threshold of +350 Hounsfield units. An inspiratory breath-hold following the 12-sec injection of the contrast agent was required for the acquisition of the CT data. During the CT data acquisition, the ECG was registered simultaneously for prospective triggering of data acquisition. The phase window was set at 30-80% of the R-R interval in patients with a stable heart rate (≤70 beats/min). In the patients with a heart rate >70 beats/min, CTCA data acquisition was performed during multiple heart beats (typically two).
In both groups, the entire heart was examined. Tube voltage and current were adapted to the BMI of the patient (tube voltage range, 110-140 kV; maximal tube current, 400-580 mA).
An initial data set was reconstructed at the optimal phase of the R-R interval (typically 75%). A slice thickness of 0.50 mm was obtained and the reconstruction interval was set to 0.25 mm. If multiple phases were obtained, the cardiac phase with the least motion artifacts was selected (19) . With regard to processing and assessment, images were transferred to a remote workstation with dedicated CTCA analysis software (Vitrea 2.0 or FX 3.1.1.0; Vital Images, Minnetonka, MN, USA). During the CTCA examination the highest heart rates recorded were 73 beats/min in the 64-MSCT group and 88 beats/min in the 320-MSCT group.
CTCA data analysis. CTCA image analysis was performed by two observers in consensus, experienced in the evaluation of CTCA and blinded to the results of invasive coronary angiography (ICA). First, three-dimensional volume-rendered reconstructions were used to gather information regarding the anatomy and status of the coronary arteries. Secondly, axial slices were visually examined for significant narrowing, which was achieved by determining the presence of ≥50% reduction of the luminal diameter and vessel occlusion (20) . Thirdly, the analysis was assisted by curved multiplanar reconstructions of all vessels.
Image quality assessments. Adequately reconstructed CTCA images of stented segments were visually classified into 4 grades as follows: Grade 1, visible stent and stent lumen without metal artifacts; grade 2, visible stent and stent lumen with slight metal artifacts; grade 3, visible stent but invisible stent lumen with significant metal artifacts; grade 4, invisible stent and stent lumen with severe metal artifacts.
Significant ISR was diagnosed from the CTCA results if intraluminal low-attenuation filling defects narrowed the stent lumen diameter or the vessel lumen within 5 mm away from the stent by >50%.
Quantification of radiation dose. Radiation effective dose (ED) was quantified by a dose-length product conversion factor of 0.017 mSv/(mGy.cm). Following the examination, the CT machines (Aquilion and Aquilion ONE) provided a dose-length product automatically.
Statistical analysis. The results of ICA as a gold standard, and the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of the two MSCT methods for the detection of significant ISR in CTCA were calculated for assessable stents. Continuous data are expressed as mean ± standard deviation. The χ 2 , Fisher's exact and rank-sum tests were used to compare differences between the two groups. P<0.05 was considered to indicate a statistically significant difference and all reported P-values were two-sided. Statistical analyses were performed using SPSS software, version 13 (SPSS, Inc., Chicago, IL, USA).
Results
Results of image quality assessment. In the 64-MSCT group, the images of the 20 stainless steel coronary stents comprised 9 images classified as grade 3 and 11 as grade 2, and for the 31 nitinol coronary stents, 29 of the images were classified as grade 1, and 2 as grade 2. In the 320-MSCT group, the images of the 21 stainless steel coronary stents comprised 10 images classified as grade 3 and 11 classified as grade 2, and for the 78 nitinol coronary stents, 74 were classified as grade 1, and 4 as grade 2. No statistically significant differences were observed in the image quality assessments between the 64-and 320-MSCT groups for stainless steel (χ 2 =0.028) and nitinol coronary (χ 2 =0.075) stents (P>0.05).
Differences of sensitivity, specificity, PPV, NPV and accuracy between 64-MSCT and 320-MSCT for significant ISR.
Images of stents classified as grade 3 or 4 were excluded from the imaging quality assessments. In the 64-MSCT group, 40 stents were classified as assessable, and 9 stents in 8 patients were diagnosed by CTCA to have significant ISR; however, 7 of 9 stents in 6 patients were found by ICA to have significant ISR (Fig. 1) . These stents had been in place for 6 months to 4-years. The sensitivity, specificity, PPV, NPV and accuracy of 64-MSCT for significant ISR in all assessable stents were 100% (7/7), 93.94% (31/33), 77.78% (7/9), 100% (31/31) and 95% (38/40), respectively ( (Table II) . No statistically significant difference was identified in the sensitivity, specificity, PPV, NPV and accuracy between the 64-MSCT and 320-MSCT groups tested using Fisher's exact test (P>0.05).
Differences of heart rate and ED between 64-MSCT and 320-MSCT. Statistically significant differences were observed in the heart rate and ED of the patients between the 64-MSCT and 320-MSCT groups (P<0.05) (Table III) .
Discussion
ISR is a major long-term complication of percutaneous coronary treatment and is mainly due to neointimal proliferation, but also mechanical causes (6) . Generally, if the vessel lumen on both sides of the stent does not narrow and the density in the stent is the same as the density of adjacent normal vessels, this is considered a direct sign of lack of ISR. An indirect sign of an absence of ISR is a well-filled distant vessel of the stent; however, if the stent has been distorted, the vessel distant from of the stent exhibits a filling defect, narrowing or intermittent display (21) . It has been shown that 20-30% of patients develop ISR at ~6 months after coronary stent implantation (22) . Although the results of the present study indicate that patients develop ISR >6 months after the coronary stent implantation, that may be due to the relatively small number of patients included in the study. The diagnosis of ISR has been a subject of particular interest to cardiologists and radiologists (3,5,7,17,23-31) . The Table I . Validation of 64-slice CTCA compared with ICA for in-stent restenosis. ICA results  Positive  Negative  Total   Positive  7  2  9  Negative  0  31  31   Total  7  33  40 ICA, invasive coronary angiography; CTCA, computed tomography coronary angiography. Table II . Validation of 320-slice CTCA compared with ICA for in-stent restenosis. main finding of the present study was the lack of statistically significant differences in the sensitivity, specificity, PPV, NPV and accuracy between 64-and 320-MSCT in the diagnosis of significant ISR (P>0.05), suggesting that, when the number of detector rows of spiral CT reaches a certain value, if not to improve the spatial resolution of CT, but only to increase the number of detector rows, no further effective improvements in the quality of CT imaging can be achieved., with any further increases in the number of detector rows of spiral CT not causing any improvement of the spatial resolution of CT. In addition, the present results indicated that both 64-and 320-MSCT failed to display the stainless steel coronary stents clearly, and that the grade of image quality assessments for these stents was lower than that of the nitinol coronary stents. This finding also suggests that stent material plays a central role in the follow-up and curative effect evaluation following stent implantation (2).
64-Slice CTCA results -------------------------------------------------
It may be concluded that 64-MSCT remains underdeveloped and inferior to 320-MSCT in all aspects. First, 64-MSCT scanning is easily affected by the patient's condition and requires a regular heartbeat, a low heart rate and lack of AF in order for it to be successful. Obtaining an acceptable image when the patient exhibits an irregular heartbeat, high heart rate and AF can be challenging. The results demonstrated that the mean heart rate of the 64-MSCT group was significantly lower than that of the 302-MSCT group (P=0.02). This indicates that there is a greater restriction on the patient's heart rate in 64-slice CTCA than in 320-slice CTCA. Secondly, the ED received by the patients in the 64-MSCT group was higher than that in the 320-MSCT group. A previous study has reported that the use of 320-instead of 64-MSCT scanning could signify a considerable reduction in the ED received by patients (17) . The aforementioned finding is not only associated with the differences between 64-and 320-MSCT scans, but also with other factors that affect the scanning procedure, such as the scan mode and reconstruction methods used during the examination. The present study also showed that the ED of the patients in the 320-MSCT group was lower than that of the patients in the 64-MSCT group (P<0.01), a finding that was fairly consistent with results reported in the literature (15, 17) .
The present study did, however, have certain limitations: First, the number of samples was small, and therefore further studies with a larger sample should be conducted. Secondly, the effect of the stent material on image quality could not be observed and thirdly, the sign of ISR has not been described in detail.
In conclusion, both 64-and 320-MSCT are suitable for use in follow-up and curative effect evaluation following coronary stent implantation; however, 320-MSCT is less restricted by the patient's heart rate and uses a lower dose of radiation.
